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FOREWORD

This report was prepared under Work Order Nos. 422, 302 and 315 of
Contract Nos. NOOO14-78-C-0204 and N00014-79-C-0088, in support of the U.S.
Naval Postgraduate School research project supported by the Naval Air
Systems Command (Air 370) and the Naval Material Command (EO/MET). The
work was performed in support of the Environmental Physics Group at NPS
under the direction of Professors G. E. Schacher and K, L. Davidson.
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ABSTRACT

Instrumentation and calibration of certain systems used on aircraft
and ships for atmospheric research at NPS are described. Computer programs
for acquisition and analysis of aerosol and micrometeorological data are
included.

T vii




i
bl

e Y, ROLS

i ""‘,__éﬁ’;f.‘j,?f"\"j“@i' A iR e 0 e Rt Mas

THE BDM CORPORATION

A. INTRODUCTION

The Environmental Physics Group (EPG) at the Naval Postgraduate School
(NPS) has participated in several field experiments in FY 80-81: the
Marine Aerosol Generation and Transport Experiment (MAGAT), the Bureau of
Land Management (BLM) tracer experiment and the Storm Transfer and Response
Experiment (STREX). BDM personnel provided support to these efforts in the
realm of instrumentation, calibration, data acquisition interfacing and
programming, analysis and in-situ field participation. The purpose of this
report is to document some of the instrumentation description, development
and the data acquisition programming,

There are two experimental platforms (ship and aircraft), two types of
data acquisition computers (HP9825-HPL and HP9835-BASIC) and two types of
data (meteorological and aerosol). Because of various considerations,
there are several combinations of these factors. For example, for MAGAT
the ship used the HP9825 for meteorological data and the HP9835 for aerosol
data while the aircraft used the reverse., For STREX a single HP9825 was
used to obtain both types of data.

The instrumentation is described in Section B-1 and the programs are
given in Section B-2.

B. INSTRUMENTATION

1. Shipboard Instrumentation

Most of the equipment used on board ship has been described pre-
viously (Houlihan, et al., NPS Report No. 61-78-001, 1978), so this part of
the report will deal only with the ship roll-rate and heading sensors
recently installed by BDM,

Ship Heading: On the RV/ACANIA a Librascope 7070 analog-to-digital
converter has been connected to the gyroscope used for ship navigation. The
converter is a mechanical device that senses the readout angular orientation.
A buffer interfaces the serial output of the converter to a 16-bit interface
to the computer,

et UG UENNUSOPRV
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Ship and Roll Rate: A mechanical pendulum geared to a potentiometer,
placed on and pivoting about the roll axis of the ship, provides an analog
i signal proportional to the ship's roll angle. A simple RC network is used
;

to differentiate this signal to yield an output related to roll rate. The
rate of roll is useful, for example, in compensating for the effect of roll
on the measurement of the standard deviation in wind direction. Errors in-
troduced by vertical and lateral accelerations of the ship are minimized by
placing the pendulum on the roll axis and midway along the length of the
ship.

2. Aircraft Equipment

The aircraft is operated by Airborne Research Associates of Boston,
Massachusetts. The turbulence equipment was installed by NPS, the remainder
belongs to Airborne Research Associates. Most of the aircraft equipment is
the same as on the ship, Besides the meteorological parameters, the aircraft
also carries equipment for atmospheric electricity measurements, electric
field and conductivity. This equipment will not be described here, For the
equipment listed below most of the needed detail can be found in the ship-
board system descriptions. The following will describe important differences
and equipment that is unique to the aircraft. Equipment that is identical to
shipboard will not be described.

Temperature and Wind Speed Fluctuations: Both utilize 4.5 um
tungsten wires rather than the platinum wire and films used on the ship. -
% The wires are needed rather than the films because vortex shedding from the
sensors distorted the signals at aircraft air speeds. The tungsten wires are
much sturdier than the platinum wires which break frequently during aircraft
operation.

Temperature fluctuations are measured with TSI Model 1044 DC
bridges. When the turbulence sensors were first jnstalled on the ajrcraft,
excessive noise was encountered due to acoustic noise from the propeller,
Three foot extensions were placed on each wing tip and the probes placed on
the ends of the extensions. The increased distance from the prop (18 feet)
solved the problem. The temperature fluctuation probes are separated by a
vertical distance of .8 m for spatial filtering. The noise level of this
system is about 3 mK rms.

TR PC IR VU



LE 4

-e

-

g
-J-——E-L

THE BDM CORPORATION

Sea Surface Temperature: The radjometer is a PRT-5 as is on the
ship, but its interpretation is slightly different. When the aircraft is
low, (10 feet above the sea surface is one of the heights used) reflected
radiation from the airframe is significant. This always raises the recorded
temperature slightly and a correction must be applied.

Wind Speed and Direction: The relative air speed is determined by
a MKS, Inc. capacitive differential pressure transducer, Model 223A. The
aircraft normally flies with the average relative wind directly on the nose.
The aircraft true ground speed and direction is determined with a Teledyne
711 Loran C navigation system. True wind speed and direction are calculated
by the onboard computer. The air speed is accurate to 0.5 m/sec, the true
wind speed accuracy depends on the averaging time but is about 1.0 m/sec for

a two-minute run.
Air Temperature: Rosemount total temperature aircraft probe in a
102E housing. The probe is mounted in the window on the left side of the

aircraft.

Dew Point: EG&G Model 137 aircraft system. The cooled mirror
principle is used (similar to the ship system but specifically designed for
ajrcraft use).

Altitude: Altitude is determined by sensing the pressure with a
solid state device and also by radar altimeter. The pressure sensor is a
National Semiconductor Type LX1702AN.

Microwave Refractive Index: Airborn microwave cavity refracto-
meter supplied by the Naval Air Center (Indianapolis).

Aerosol Spectrum: Particle Measurement Systems, Inc. (PMS) type
ASSAP aerosol spectrometer with PDS~200 controller. This unit was on loan
from NOSC. Particles measured in four ranges of 15 bins each from 0.4 to

15 um radius.
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C. DATA ACQUISITION PROGRAMS

1. Ship
a. BLM-METEOROLOGY
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